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1. 

NON-VOLATILE MEMORY (NVM) AND 
LOGIC INTEGRATION 

BACKGROUND 

1. Field 
The invention relates to non-volatile memories (NVMs), 

and more particularly, to NVMs integrated with logic devices. 
2. Related Art 
Non-volatile memories (NVMs) are often on an integrated 

circuit which also performs other functions. In such cases it is 
undesirable to sacrifice logic performance in favor of perfor 
mance of the NVM. Also it is important to avoid or minimize 
additional cost in achieving high performance for both the 
logic and the NVM. 

Accordingly there is a need to provide further improve 
ment in achieving high performance while also addressing 
cost increase issues in integrated circuits that have both NVM 
and logic. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and 
is not limited by the accompanying figures, in which like 
references indicate similar elements. Elements in the figures 
are illustrated for simplicity and clarity and have not neces 
sarily been drawn to scale. 

FIG. 1 is a cross section of a semiconductor device at a 
stage in processing according to an embodiment; 

FIG. 2 is a cross section of the semiconductor device of 
FIG. 1 at a subsequent stage in processing: 

FIG. 3 is a cross section of the semiconductor device of 
FIG. 2 at a Subsequent stage in processing: 

FIG. 4 is a cross section of the semiconductor device of 
FIG. 3 at a Subsequent stage in processing: 

FIG. 5 is a cross section of the semiconductor device of 
FIG. 4 at a Subsequent stage in processing: 

FIG. 6 is a cross section of the semiconductor device of 
FIG. 5 at a Subsequent stage in processing: 

FIG. 7 is a cross section of the semiconductor device of 
FIG. 6 at a Subsequent stage in processing: 

FIG. 8 is a cross section of the semiconductor device of 
FIG. 7 at a Subsequent stage in processing: 

FIG. 9 is a cross section of the semiconductor device of 
FIG. 8 at a Subsequent stage in processing; and 

FIG. 10 is a cross section of the semiconductor device of 
FIG. 9 at a Subsequent stage in processing. 

DETAILED DESCRIPTION 

A non-volatile memory (NVM) cell is made contempora 
neously with logic transistors. This can be done with high-k 
gate dielectrics, metal gates, and metal nanocrystals. In one 
embodiment, a replacement gate process is used to form both 
the gate of the logic transistor as well as the metal gate for the 
select gate of the NVM cell. The source/drain regions for the 
logic transistors and the silicidation for the logic transistors 
are formed prior to replacement of the dummy gates in the 
logic region while the NVM areas remain protected by a 
protection layer. After replacement of the dummy gates with 
the actual select gate and actual logic gate, the dielectric layer 
surrounding the actual select gate is removed from the NVM 
areas (while being maintained around the logic gate in the 
logic areas), after which, the charge storage layer and control 
gate are formed. Furthermore, the source/drain regions and 
silicidation for the NVM cells can be completed while the 
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2 
logic areas remain protected. This is better understood by 
reference to the drawings and the following written descrip 
tion. 
Shown in FIG. 1 is a semiconductor device 10 having a 

substrate 12. Semiconductor device 10 is divided into an 
NVM region 14 and a logic region 16. NVM region 14 is for 
forming an NVM cell which, in this described example, is an 
N-channel NVM cell. Logic region 16 is for forming a logic 
transistor of the same doping type as the NVM cell and may 
be referenced as an N-channel region because the NVM cell 
being formed is N-channel. Note that alternatively, logic 
region 16 may be used for forming a P-channel transistor or 
forming both N-channel and P-channel transistors. Semicon 
ductor device 10 includes a dummy gate dielectric 22 over 
substrate 12 in NVM region 14 and a dummy gate 20 over 
dummy gate dielectric 22. Semiconductor device 10 also 
includes a dummy gate dielectric 28 over Substrate 12 in logic 
region 16, and a dummy gate 26 over dummy gate dielectric 
28. Dummy gate dielectrics 22 and 28 and dummy gates 20 
and 26 may beformed by first blanket depositing orthermally 
growing a dielectric layer over substrate 12 and then blanket 
depositing a gate layer (which may be, for example, a poly 
silicon layer or a nitride layer). The dielectric and gate layers 
may then be patterned to form the dummy gate dielectrics and 
dummy gates. After formation of the dummy gate dielectrics 
and dummy gates, photo resist may be used to protect NVM 
region 14 while shallow implants are formed into substrate 12 
in logic region 16 to form source/drain extension regions 
extending laterally from the sidewalls of dummy gate 26. 
After formation of the extension regions, a liner layer 18 is 
formed over substrate 12 and dummy gates 20 and 26, and a 
protection layer 24 is formed over liner layer 18 in both NVM 
region 14 and logic region 16. Again, NVM region 14 may be 
protected by photo resist while an anisotropic etch is per 
formed in logic region 16 to form a spacer liner 30 and 
sidewall spacer 32 surrounding dummy gate 26. Note that 
liner 30 is formed from liner layer 18 and spacer 32 from 
protection layer 24. In one embodiment, liner layer 18 is an 
oxide layer while protection layer 24 is a nitride layer. In one 
embodiment, protection layer 24 has a thickness of at least 
500 Angstroms. After formation of spacer 32, while NVM 
region 14 may remain protected by photo resist, deep 
implants may be performed to form source/drain regions 34 
and 36 in substrate 12, adjacent sidewalls of dummy gate 26. 
Note that source/drain regions 34 and 36 include the exten 
sion regions previously formed which extend slightly under 
dummy gate 26. The photo resist protecting NVM region 14 
may then be removed. 
Shown in FIG. 2 is semiconductor device 10 after forming 

silicide regions 38 and 40. Substrate 12, in logic region 16, is 
silicided to form silicide regions 38 and 40. During the sili 
cidation in logic region 16, protection layer 24 protects NVM 
region 14 such that no silicide regions are formed in NVM 
region 14. 
Shown in FIG. 3 is semiconductor device 10 after depos 

iting an interlevel dielectric (ILD) layer 42 and performing a 
chemical mechanical polish (CMP) to expose top surfaces of 
dummy gates 20 and 26. Protection layer 24 in NVM region 
14 may be removed prior to depositing ILD layer 42. 
Shown in FIG. 4 is semiconductor device 10 after replace 

ment of dummy gates 20 and 26 and dummy gate dielectrics 
22 and 28. Dummy gates 20 and 26 and dummy gate dielec 
trics 22 and 28 are first removed, thus creating openings in 
ILD 42 which expose substrate 12. A high-k gate dielectric 
layer is then formed over ILD 42 and within these openings in 
ILD 42 and a gate stack layer is then formed over the high-k 
gate dielectric layer, also within these openings in ILD 42. A 
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CMP is then performed to remove regions of the high-kgate 
dielectric layer and gate stack layer from over ILD 42 such 
that these layers remain only within the openings of ILD 42. 
Therefore, within each opening in ILD 42 in NVM region 14, 
a high-kgate dielectric 44 is formed along Substrate 12 and 
sidewalls of ILD 42, and a gate stack 46 is formed on high-k 
gate dielectric 44, between sidewalls of ILD 42. Within each 
opening in ILD 42 in logic region 16, a high-kgate dielectric 
48 is formed along substrate 12 and sidewalls of ILD 42, and 
a gate stack 50 is formed on high-kgate dielectric 48, between 
sidewalls of ILD 42. Therefore, note that a top surface of ILD 
42 is Substantially aligned with a top surface of each of gate 
stack 46 and gate stack 50. 

High-kgate dielectrics 44 and 48 may be oxides of a metal, 
Such as, for example, hafnium oxide, lanthanum oxide, alu 
minum oxide, and tantalum oxide. The gate stack layer, and 
therefore gate stacks 46 and 50, may include a metal that is 
chosen for its effectiveness in setting the work function of the 
transistor. For example, in the case of an N-channel transistor 
or NVM cell, the metal may be tantalum carbide or lantha 
num. In the case of a P-channel transistor, the metal may be 
molybdenum or titanium nitride. The gate stack layer, and 
therefore gate stacks 46 and 50, may also include an addi 
tional one or more metals on the work-function-setting metal, 
where the top most metal of the gate stack may be referred to 
as the top metal. Examples of the additional metal include 
aluminum, tungsten, tungsten nitride, and tantalum nitride. 
Many other metals may also be used. The gate stacklayer may 
also include polysilicon that is silicided with metals such as, 
for example, nickel or cobalt. Although referenced as a gate 
stack, it may be feasible for gate stacks 46 and 50 to be just 
one type of metal rather than a stack of different metal types. 

Gate stacks 46 and 50 may also be referred to as replace 
ment gates or actual gates, and gate dielectrics 44 and 48 may 
be referred to as replacement gate dielectrics or actual gate 
dielectrics, in which gate stacks 46 and 50 and gate dielectrics 
44 and 48 are formed using a replacement gate process and 
remain as part of semiconductor device 10 upon completion. 
Gate stack 46 corresponds to the select gate of an NVM cell 
being formed in NVM region 14 and may therefore also be 
referred to as select gate 46. Gate stack 50 corresponds to the 
gate of a logic transistor being formed in logic region 16 and 
may therefore also be referred to as logic gate 50. It may be 
noted that while it is preferable to have the select gate dielec 
tric and stack match one of the logic transistors, it is also 
feasible to have a separate and unique stack for the select gate. 
Shown in FIG. 5 is semiconductor device 10 after forming 

a hard mask layer 52 in regions 14 and 16, over ILD 42 and 
over gate stacks 46 and 50. In one embodiment, hard mask 
layer 52 may be nitride. The hard mask layer also functions as 
an etch-stop layer. 
Shown in FIG. 6 is semiconductor device 10 after pattern 

ing ILD 42 and hard mask layer 52 to remove ILD 42 and hard 
mask layer 52 from NVM region 14. Note that ILD 42 and 
hard mask layer 52 remain in logic region 16. 
Shown in FIG. 7 is semiconductor device 10 after depos 

iting a charge storage layer 54 that is for use as a charge 
storage layer of the NVM cell being formed in NVM region 
14. Charge storage layer 54 is formed over gate stack 46 and 
substrate 12 in NVM region 14 and over hard mask layer 52 
in logic region 16. A gate stack layer 56 is deposited over 
charge storage layer 54. Gate stack layer 56 may be a stack of 
conductive layers including one or more metal layers or a 
single metal layer as for gate stack 46. Gate stack layer 56 is 
for use as a control gate of the NVM cell being formed in 
NVM region 14 and may also be referred to as a control gate 
layer. Charge storage layer 54 is preferably formed of metal 
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4 
nanocrystals that are formed on a first high-k dielectric layer. 
A second high-k dielectric layer is formed over and between 
the metal nanocrystals. Note that the first high-k dielectric 
layer may be referred to as a base or tunneling dielectric layer, 
and the second high-k dielectric layer as a fill or blocking 
dielectric layer which is formed around and over the metal 
nanocrystals. This is feasible because there is no exception 
ally high heating step required before, during, or after forma 
tion of charge storage layer 54. 
Shown in FIG. 8 is semiconductor device 10 after pattern 

ing gate stack layer 56 to remove gate stack layer 56 from 
logic region 16 and to form a control gate in NVM region 14. 
Therefore, control gate 56 overlaps a sidewall of select gate 
46. After patterning gate stack layer 56 in NVM region 14, 
charge storage layer 54 is etched to leave a remaining portion 
of charge storage layer 54 aligned to control gate 56. 
Shown in FIG. 9 is semiconductor device 10 after forma 

tion of source/drain regions 64 and 66 and sidewall spacers 
58, 60, 61, and 62 adjacent an exposed sidewall of select gate 
46 and adjacent sidewalls of control gate 56. In one embodi 
ment, shallow implants are performed to first form extension 
regions in substrate 12 which laterally extend from each of the 
exposed sidewall of select gate 46 and the sidewall of control 
gate 56 that is over substrate 12 and laterally spaced apart 
from select gate 46. After formation of the extension regions, 
sidewalls spacers 58, 60, 61, and 62 may beformed. This may 
beachieved by conformally depositing nitride and perform 
ing an anisotropic etch. After formation of the sidewall spac 
ers, deep implants may be performed to form source/drain 
regions 64 and 66 in substrate 12 which laterally extend from 
each of the exposed sidewall of select gate 46 and the sidewall 
of control gate 56 that is laterally spaced apart from select 
gate 46. Therefore, note that source/drain regions 64 and 66 
may include the previously formed extension regions. 
Shown in FIG. 10 is semiconductor device 10 after forma 

tion of silicide regions 68 and 70 in source/drain regions 64 
and 66, respectively, in NVM region 14 and formation and 
subsequent planarization of an ILD 72 in NVM region 14 and 
logic region16. During silicidation to form silicide regions 68 
and 70, hard mask layer 52 protects logic region 16. ILD 72 is 
then formed over the NVM cells in NVM region 14 (e.g. over 
select gate 46 and control gate 56) and over hard mask layer 
52 in logic region 16. 

Note that in the illustrated embodiment, source? drain 
regions 64 and 66 are not formed at the same processing stage 
as source/drain regions 34 and 36, prior to deposition of ILD 
42. Instead, they are formed later in processing. That is, they 
are formed after formation of the actual (i.e. replacement) 
gate dielectric and gate stack and after removal of ILD 42. The 
second ILD, ILD 72, is then formed over substrate 12, source? 
drain regions 64 and 66, and select gate 46 and control gate 
56. 

Thus is shown an efficient manufacturing process for form 
ing NVM cells and logic transistors that allows for high 
performance materials in both the NVM cell and the logic 
transistors. The high-k materials need not face exceptionally 
high temperatures that would threaten their integrity. 

Although the invention is described herein with reference 
to specific embodiments, various modifications and changes 
can be made without departing from the scope of the present 
invention as set forth in the claims below. For example, dif 
ferent gate stacks may be formed using the replacement gate 
process for different types of devices which may be integrated 
with NVM split gate devices. Accordingly, the specification 
and figures are to be regarded in an illustrative rather than a 
restrictive sense, and all such modifications are intended to be 
included within the scope of the present invention. Any ben 
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efits, advantages, or Solutions to problems that are described 
herein with regard to specific embodiments are not intended 
to be construed as a critical, required, or essential feature or 
element of any or all the claims. 

Furthermore, the terms 'a' or “an as used herein, are 
defined as one or more than one. Also, the use of introductory 
phrases such as “at least one' and “one or more' in the claims 
should not be construed to imply that the introduction of 
another claim element by the indefinite articles “a” or “an 
limits any particular claim containing Such introduced claim 
element to inventions containing only one such element, even 
when the same claim includes the introductory phrases "one 
or more' or 'at least one' and indefinite articles such as “a” or 
“an.” The same holds true for the use of definite articles. 

Unless stated otherwise, terms such as “first and “second 
are used to arbitrarily distinguish between the elements such 
terms describe. Thus, these terms are not necessarily intended 
to indicate temporal or other prioritization of such elements. 

The following are various embodiments of the present 
invention. 

Item 1 includes a method of forming an NVM cell and a 
logic transistor using a semiconductor Substrate, including, in 
a non-volatile memory (NVM) region, forming over the semi 
conductor Substrate a first high-k gate dielectric, a metal 
select gate, and a first dielectric layer, wherein the metal select 
gate is on the first high-k dielectric, a top surface of the first 
dielectric layer is substantially aligned with a top surface of 
the metal select gate, and the first dielectric layer has a first 
opening in which the metal select gate is present in the first 
opening; in a logic region, forming over the semiconductor 
Substrate a second high-kgate dielectric, a metal logic gate, a 
source and a drain in the semiconductor substrate, and a 
second dielectric layer, wherein the metal logic gate is on the 
second high-k dielectric, a top Surface of the second dielectric 
layer is substantially aligned with a top Surface of the metal 
logic gate, and the second dielectric layer has a second open 
ing in which the metal logic gate is present in the second 
opening; removing the first dielectric layer in the NVM 
region while leaving the second dielectric layer in the logic 
region; forming a charge storage layer comprising metal 
nanocrystals over the NVM region including over the metal 
select gate; forming a metal layer over the charge storage 
layer; patterning the metal layer to form a metal control gate; 
and etching the charge storage layer to leave a remaining 
portion of the storage layer aligned to the metal control gate. 
Item 2 include the method of item 1, wherein the forming the 
charge storage layer is further characterized by forming the 
charge storage layer over the second dielectric layer and the 
metal logic gate; and the etching the storage layer is further 
characterized by removing the charge storage layer over the 
second dielectric and the metal logic gate. Item 3 includes the 
method of item 2, wherein the step of forming the metal layer 
is further characterized by forming the metal layer over the 
logic region; and the step of patterning the metal layer is 
further characterized by removing the metal layer over the 
logic region. Item 4 includes the method of item 3, wherein 
the forming the first dielectric layer and forming the second 
dielectric layer are further characterized as forming the first 
dielectric and the second dielectric layers simultaneously of a 
same material. Item 5 includes the method of item 1, and 
further includes forming a first silicide region on the Source 
and a second silicide region on the drain of the logic transistor 
prior to the forming of the second dielectric layer. Item 6 
includes the method of item 5 and further includes forming a 
sidewall spacer around the metal logic gate prior to the form 
ing the second dielectric layer. Item 7 includes the method of 
item 6 and further includes forming a liner around the metal 
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6 
logic gate prior to the forming the sidewall spacer. Item 8 
includes the method of item 7, and further includes forming a 
hard mask over the NVM region and the logic region prior to 
the removing the first dielectric layer. Item 9 includes the 
method of item 8, and further includes removing the hard 
mask from over the NVM region while leaving the hard mask 
over the logic region prior to removing the first dielectric 
layer. Item 10 includes the method of item 1, wherein the 
forming the metal select gate and the forming the logic gate 
include a replacement gate process. Item 11 includes the 
method of item 1, wherein the forming the logic gate includes 
forming a stack comprising a work-function-setting metal on 
the first high-kgate dielectric and a top metal over the work 
function-setting metal. Item 12 includes the method of item 1, 
wherein the forming the metal logic gate includes forming a 
stack having a first composition and the forming the metal 
select gate includes forming a stack having a second compo 
sition wherein the first composition is different from the 
second composition. Item 13 includes the method of item 1, 
wherein the forming the charge storage layer includes form 
ing a base dielectric layer; forming the metal nanocrystals on 
the base layer, and forming a fill dielectric layer around and 
over the metal nanocrystals. 

Item 14 includes a method of forming a non-volatile 
memory (NVM) cell and a logic transistor using a semicon 
ductor Substrate, including forming a first dummy gate and a 
second dummy gate over a dummy gate dielectric; forming a 
sidewall spacer around the second dummy gate; forming first 
Source/drains in the Substrate adjacent to the second dummy 
gate; forming a dielectric layer around the first dummy gate 
and the second dummy gate wherein a top Surface of the 
dielectric layer is substantially aligned with a top surface of 
the first dummy gate and a top surface of the second dummy 
gate; removing the first dummy gate and the second dummy 
gate; replacing the dummy dielectric with a high-k dielectric; 
replacing the first dummy gate with a select gate comprising 
a metal of a first type and the second dummy gate with a logic 
gate comprising a metal of the first type; forming a hard mask 
over the logic gate and the first source/drain regions; remov 
ing the dielectric layer from around the select gate while 
leaving the dielectric layer around the logic gate; forming a 
charge storage layer comprising metal nanocrystals over the 
semiconductor Substrate; forming a metal layer over the 
charge storage layer, patterning the metal layer to form a 
control gate over a portion of the select gate and a portion of 
the substrate and removing the metal layer from over the hard 
mask; patterning the charge storage layer to leave a portion of 
the charge storage layer under the control gate and removing 
the charge storage layer over the hard mask; and forming 
second source/drains in the Substrate adjacent to the select 
gate and control gate. Item 15 includes the method of item 14. 
and further includes removing the hard mask. Item 16 
includes the method of item 15, and further includes siliciding 
the second source/drains prior to the removing the hard mask. 
Item 17 includes the method of item 16, and further includes 
siliciding the first source/drains prior to the forming the 
dielectric layer. Item 18 includes the method of item 14, 
wherein the replacing the first dummy gate further includes 
forming a metal of a second type on the metal of the first type. 

Item 19 includes a method including forming a logic tran 
sistor having a metal logic gate, a high-k gate dielectric, a 
sidewall spacer around the metal logic gate, and silicided 
Source/drains in a logic region of a semiconductor Substrate 
and a metal select gate of a non-volatile memory (NVM) cell 
on a high-k dielectric and in an NVM portion of the semicon 
ductor substrate using a dielectric that is left around the metal 
logic gate and the metal select gate, wherein a top surface of 
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the dielectric is substantially aligned to a top surface of the 
metal select gate and a top surface of the metal logic gate; 
removing the dielectric from around the metal select gate; 
forming a charge storage layer comprising metal nanocrystals 
over the logic region and the NVM region; forming a metal 
layer over the logic region and the NVM region; patterning 
the metal layer over the NVM region to form a metal control 
gate over a portion of the metal select gate and a portion of the 
Substrate and removing the metal layer from the logic region; 
etching the charge storage layer to leave the charge storage 
layer under and aligned with the metal control gate and to 
remove the charge storage layer over the logic region; and 
forming source/drain regions in the substrate in the NVM 
region adjacent to the metal control gate and to the metal 
select gate. Item 20 includes the method of item 19, and 
further includes forming a hard mask over the logic region 
prior to the removing the dielectric from around the metal 
select gate; siliciding the source/drain regions in the Substrate 
in the NVM region; and removing the hard mask after the 
siliciding the source/drain regions in the Substrate in the 
NVM region. 

What is claimed is: 
1. A method of forming an NVM cell and a logic transistor 

using a semiconductor Substrate, comprising: 
in a non-volatile memory (NVM) region, forming over the 

semiconductor Substrate a first high-kgate dielectric, a 
metal select gate, and a first dielectric layer, wherein the 
metal select gate is on the first high-k dielectric, a top 
surface of the first dielectric layer is substantially 
aligned with a top Surface of the metal select gate, and 
the first dielectric layer has a first opening in which the 
metal select gate is present in the first opening; 

in a logic region, forming over the semiconductor Substrate 
a second high-k gate dielectric, a metal logic gate, a 
Source and a drain in the semiconductor Substrate, and a 
second dielectric layer, wherein the metal logic gate is 
on the second high-k dielectric, a top surface of the 
second dielectric layer is Substantially aligned with atop 
Surface of the metal logic gate, and the second dielectric 
layer has a second opening in which the metal logic gate 
is present in the second opening; 

forming a hard mask over the NVM region and the logic 
region; 

removing the first dielectric layer in the NVM region while 
leaving the second dielectric layer in the logic region, 
wherein the forming the hard mask is performed prior to 
the removing the first dielectric layer; 

forming a charge storage layer comprising metal nanoc 
rystals over the NVM region including over the metal 
Select gate; 

forming a metal layer over the charge storage layer, 
patterning the metal layer to form a metal control gate; and 
etching the charge storage layer to leave a remaining por 

tion of the storage layer aligned to the metal control gate. 
2. The method of claim 1, wherein: 
the forming the charge storage layer is further character 

ized by forming the charge storage layer over the second 
dielectric layer and the metal logic gate; and 

the etching the storage layer is further characterized by 
removing the charge storage layer over the second 
dielectric and the metal logic gate. 

3. The method of claim 2, wherein: 
the step of forming the metal layer is further characterized 
by forming the metal layer over the logic region; and 

the step of patterning the metal layer is further character 
ized by removing the metal layer over the logic region. 
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4. The method of claim 3, wherein the forming the first 

dielectric layer and forming the second dielectric layer are 
further characterized as forming the first dielectric and the 
second dielectric layers simultaneously of a same material. 

5. The method of claim 1, further comprising forming a 
first silicide region on the source and a second silicide region 
on the drain of the logic transistor prior to the forming of the 
second dielectric layer. 

6. The method of claim 5, further comprising: 
forming a sidewall spacer around the metal logic gate prior 

to the forming the second dielectric layer. 
7. The method of claim 6, further comprising: 
forming a liner around the metal logic gate prior to the 

forming the sidewall spacer. 
8. The method of claim 1, further comprising removing the 

hard mask from over the NVM region while leaving the hard 
mask over the logic region prior to removing the first dielec 
tric layer. 

9. The method of claim 1, wherein the forming the metal 
select gate and the forming the logic gate comprise a replace 
ment gate process. 

10. The method of claim 1, wherein: 
the forming the logic gate comprises forming a stack com 

prising a work-function-setting metal on the first high-k 
gate dielectric and a top metal over the work-function 
setting metal. 

11. The method of claim 1, wherein: 
the forming the metal logic gate comprises forming a stack 

having a first composition and the forming the metal 
Select gate comprises forming a stack having a second 
composition wherein the first composition is different 
from the second composition. 

12. The method of claim 1, wherein the forming the charge 
storage layer comprises: 

forming a base dielectric layer, 
forming the metal nanocrystals on the base layer; and 
forming a fill dielectric layer around and over the metal 

nanocrystals. 
13. A method, comprising: 
forming a logic transistor having a metal logic gate, a 

high-kgate dielectric, a sidewall spacer around the metal 
logic gate, and silicided source? drains in a logic region 
of a semiconductor Substrate and a metal select gate of a 
non-volatile memory (NVM) cell on a high-k dielectric 
and in an NVM portion of the semiconductor substrate 
using a dielectric that is left around the metal logic gate 
and the metal select gate, wherein a top Surface of the 
dielectric is Substantially aligned to a top surface of the 
metal select gate and a top Surface of the metal logic 
gate. 

forming a hard mask over the NVM region and the logic 
region; 

removing the dielectric from around the metal select gate, 
wherein the forming the hard mask is performed prior to 
the removing the dielectric; 

forming a charge storage layer comprising metal nanoc 
rystals over the logic region and the NVM region; 

forming a metal layer over the logic region and the NVM 
region; 

patterning the metal layer over the NVM region to form a 
metal control gate over a portion of the metal select gate 
and a portion of the Substrate and removing the metal 
layer from the logic region; 

etching the charge storage layer to leave the charge storage 
layer under and aligned with the metal control gate and 
to remove the charge storage layer over the logic region; 
and 
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forming source/drain regions in the substrate in the NVM 
region adjacent to the metal control gate and to the metal 
Select gate. 

14. The method of claim 13 further comprising: 
siliciding the source/drain regions in the Substrate in the 5 
NVM region; and 

removing the hard mask after the siliciding the source? 
drain regions in the substrate in the NVM region. 
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